The HLA-A11 or -A33 allele is found in approximately 18% or 10% of the Asian population, respectively, but each of which is a minor allele worldwide, and therefore no clinical trials were previously conducted. To develop a therapeutic peptide vaccine for each of them, we investigated immunological responses of advanced cancer patients with the HLA-A11 + /A11 + (n = 18) or -A33 + /A33 + (n = 13) allele to personalized peptide vaccine (PPV) regimens. The primary sites of HLA-A11+/A11+ or -A33+/A33+ patients were the colon (n = 4 or 2), stomach (2 or 3), breast (3 or 2), lung and pancreas (2 or 2), and so on. For PPV, a maximum of four peptides were selected from nine different peptides capable of binding to HLA-A11 and -A33 molecules based on the pre-existing peptide-specific IgG responses. There were no severe adverse events related to PPV. At the end of the first cycle, peptide-specific CTL responses were augmented in 4/12 or 2/9 of HLA-A11 A lthough many clinical trials of peptide-based cancer vaccines for HLA-A2 + and -A24 + cancer patients have been conducted in the past two decades, cancer patients with the other alleles, including the HLA-A11 and -A33 allele, were excluded from the clinical trials because of the relatively lower expression of these alleles worldwide.
The HLA-A11 or -A33 allele is found in approximately 18% or 10% of the Asian population, respectively, but each of which is a minor allele worldwide, and therefore no clinical trials were previously conducted. To develop a therapeutic peptide vaccine for each of them, we investigated immunological responses of advanced cancer patients with the HLA-A11 + /A11 + (n = 18) or -A33 + /A33 + (n = 13)
allele to personalized peptide vaccine (PPV) regimens. The primary sites of HLA-A11+/A11+ or -A33+/A33+ patients were the colon (n = 4 or 2), stomach (2 or 3), breast (3 or 2), lung and pancreas (2 or 2), and so on. For PPV, a maximum of four peptides were selected from nine different peptides capable of binding to HLA-A11 and -A33 molecules based on the pre-existing peptide-specific IgG responses. There were no severe adverse events related to PPV. At the end of the first cycle, peptide-specific CTL responses were augmented in 4/12 or 2/9 of HLA-A11 A lthough many clinical trials of peptide-based cancer vaccines for HLA-A2 + and -A24 + cancer patients have been conducted in the past two decades, cancer patients with the other alleles, including the HLA-A11 and -A33 allele, were excluded from the clinical trials because of the relatively lower expression of these alleles worldwide. (1) (2) (3) (4) (5) (6) (7) (8) We identified short peptides capable of inducing CTLs in HLA-A11 + or -A33 + cancer patients. (5, 6) Some of them were provided for clinical trials to advanced cancer patients refractory or intolerant to standard therapy under PPV regimens in the past 7 years. The HLA-A11 or -A33 allele is found in approximately 18.2% or 9.9% of the Asian population (10.4% or 7.7% in the Japanese, 9.4% or 14.9% in the Korean, 20.3% or 3.4% in the North Han, and 32.5% or 13.6% in the Thai population), 5.9% or 2.2% of the European population (5.5% and 1.0% in the US Caucasian, 6.2% or 3.1% in the French, 4.6% or 3.1% in the German, and 7.3% or 1.7% in the British population), 7.9% or 3.9% of the Spanish population (7.0% or 2.8% in the Spanish, and 8.8% or 5.0% in the Gypsy population), and 1.1% and 8.7% of the Black population (4.2% or 8.0% in the North African, 0.0% or 1.5% in the South African, 0.0 or 15.2 of the West Africa, and 0.0 or 10.0% in the Senegalese population), respectively. (7, 8) To develop peptide-based cancer vaccines for cancer patients in these minor populations, we conducted clinical studies of PPV for advanced cancer patients with the HLA-A11 + /A11 + or -A33 + /A33 + allele in the past 7 years, and report herein the safety and immune responses of these clinical trials. Although we also performed the same PPV regimes for HLA-A11 or -A33 cancer patients who co-expressed the other HLA-A, including the -A2, -A24, or -A3 supertype, or -A26, those results were not included in this retrospective study. Clinical protocol. The main objective of these phase II studies was to evaluate the safety and immunological responses. The secondary endpoints were clinical benefits from the viewpoint of overall survival (OS) and biomarker analysis. Peptides for vaccination to individual patients were selected in consideration of the pre-existing host immunity before vaccination, as assessed by the titers of IgG specific to each of the nine different vaccine candidates. (3) (4) (5) (6) A maximum of four peptides (3 mg/each peptide), which were selected based on the results of HLA typing and peptide-specific IgG titers, were subcutaneously administered with incomplete Freund's adjuvant (Montanide ISA51; Seppic, Paris, France). There are three different administration interval regimens based on the different protocols for different sites of primary cancers (Fig. 1) . Administration interval of 1st cycle were six times weekly (UMIN no. 1482, 1844, 1856, 1883, 2282, 6249, 6295, 6493, 7493 and 10290), four times weekly followed by four times every 2 weeks (UMIN no. 2908, 2984, 2987, 3028 and 3081), or four times every 4 weeks (UMIN no. 11230), respectively. After the first cycle of vaccinations, up to four antigen peptides were re-selected according to the titers of peptide-specific IgG. Administration interval of 2nd cycle were six times every 2 weeks (UMIN no. 1482, 1844, 1856, 1883, 2282, 6249, 6295, 6493, 7493 and 10290), eight times every 2 weeks (UMIN no. 2908, 2984, 2987, 3028 and 3081), or four times every 4 weeks (UMIN no. 11230). During the PPV, patients were allowed to receive combination therapies, including chemotherapies such as target therapy, hormone therapy, or radiotherapy. Adverse events were monitored according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0 (NCI-CTC Ver.-4.0). Complete blood counts and serum biochemistry tests were performed before and after each cycle of vaccinations. Tumor assessments by computed tomography (CT) or magnetic resonance imaging (MRI) scans were carried out before and after PPV, and were evaluated according to the Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1.
Laboratory markers. Humoral immune responses specific to the vaccine peptides were determined by peptide-specific IgG levels using a bead-based multiplex assay with the Luminex system (Luminex, Austin, TX, USA) as previously reported. (3) (4) (5) (6) If the titers of peptide-specific IgG to at least one of the vaccinated peptides at the end of the 1st cycle were more than twofold higher than those in the pre-vaccination plasma, the changes were considered to be significant as previously reported. (3) (4) (5) (6) Cytotoxic T lymphocyte (CTL) responses specific to the vaccinated peptides were evaluated by capacity of interferon (IFN)-c production with ELISPOT assays (MBL, Nagoya, Japan) using peripheral blood mononuclear cells (PBMCs) before and at the end of the first and second cycle as previously reported. (3) (4) (5) (6) 9) As non-vaccinated peptides, a mixture of virus-derived CTL epitopes (CEF peptides; Mabtech) was provided for the assay. In the CTL assay, if the spot numbers in response to at least one of the vaccine peptides in the post-vaccination PBMC were more than two-fold higher than those in the pre-vaccination PBMC, the changes were considered significant. Moreover, in order to evaluate the strength of the peptide-specific IgG response, we evaluated the rate of changes of peptide-specific IgG titers between before and after the first or second cycle of vaccination. In this evaluation, IgG titers before PPV were set to 1.0. We also assessed the significance of strength of the peptide-specific IgG response after the second cycle of vaccination. Patients who finished the second cycle of PPV were divided into two subgroups according to the median value of the rate of changes of peptide-specific IgG titers between before and after the second cycle of vaccination. Regarding the cytokines, the levels of granulocyte macrophage colony-stimulating factor (GM-CSF), interleukin (IL)1b IL2, IL4, IL5, IL6, IL8, IL10 and tumor necrosis factor (TNF)-a in plasma before and after one cycle of vaccination were measured with a Luminex system (Luminex) using kits from Thermo Fisher Scientific K.K. (Yokohama, Japan), as reported previously. (4, 9) Statistical analyses. All data were analyzed retrospectively. Comparison of quantitative variables was carried out by Welch's t-test or Mann-Whitney U-test. Comparison of categorical variables was carried out by the chi-square test. The survival curves were estimated by the Kaplan-Meier method, and differences in survival functions were compared using the log-rank test. OS was calculated from the 1st day of peptide vaccination until the date of death or the last date when the patient was known to be alive using the log-rank test. Values of P < 0.05 were considered statistically significant. Statistical analyses were conducted using JMP version software, version 12 (SAS Institute Inc., Cary, NC, USA). + patients was 59 years with 7 males and 11 females. Performance status was 0 in 13 and 1 in 15 patients. The sites of primary cancers were the colon (n = 4), breast (3), pancreas (2), lung (2), prostate (2), stomach (2), biliary tract (2), and each of bone, uterus and ovary. All patients had failed (n = 15) or proven intolerant to (n = 3) standard chemotherapy before entry to PPV. Eleven patients received PPV combined with systemic therapies, whereas the remaining seven patients received PPV alone since of intolerance to any combined systemic therapies. The median vaccination time was 4.6 months (0.0-29.0).
The median age of HLA-A33 + /A33 + patients was 58 years with nine males and four females. Performance status was 0 in 10 and 1 in three patients. The sites of primary cancers were the stomach (n = 3), pancreas (2), breast (2), lung (2), colon (2) , and each of prostate and bone. All patients failed (n = 10) or proved intolerant to (n = 3) standard chemotherapy before entry to PPV. Nine patients received PPV combined with systemic therapies, whereas the remaining four patients received PPV alone since of intolerance to any combined systemic therapies. The median vaccination time was 3.8 months (1.4-31.9) .
Adverse events. Grade I (n = 21) or II (n = 6) injection site skin reactions were the most frequently observed adverse events during PPV (Table S1 ). There were 18 cases of grade 3 severe adverse events (SAEs), and one case of grade 4 SAE (leukopenia). All of the SAEs were concluded to be not directly associated with the PPV, but with the disease progression or combined therapy according to the evaluation by an independent safety evaluation committee.
Immune responses. Both peptide-specific CTL and IgG responses were analyzed in blood samples before and after the first or second cycle of vaccination. CTL responses to the vaccinated peptides before vaccination were detected in only 1 of 12 HLA-A11 + /A11 + or 0 of 9 HLA-A33
+ /A33 + patients tested, respectively (Tables S2 and S3 ). In contrast, those to the nonvaccinated control CEF peptides were observed in nine of 12 or four of nine patients, respectively. CTL boosting in response to the vaccinated peptides at the end of the first cycle was observed in four of 12 HLA-A11 + /A11 + or two of nine HLA-A33 + /A33 + patients tested, and that at the end of the second cycle was observed in three of six or one of seven, respectively. In contrast, IFN-c spots of CTL activity in response to the non-vaccinated control CEF peptides were not significantly different throughout the PPV (Tables S2 and S3) .
IgG responses before vaccination were well observed in all patients. Increase of IgG responses specific to at least one of the vaccinated peptides after the 1st and 2nd cycles were observed in six of 14 and seven of seven patients tested with the HLA-A11 (Tables S2 and S3 ). Regarding the rate of changes of peptide-specific IgG titers, a 25-or 127-fold increase of IgG response was observed in the samples at the end of the first or second cycle when the titers of pre-vaccinations were set as 1.0 in HLA-A11 + /A11 + patients (P = 0.08 or P = 0.002), respectively (Fig. 2a) . Similarly, a 4-or 41-fold increase of IgG response was observed in HLA-A33 + /A33 + patients (P = 0.11 or P = 0.01, respectively). Moreover, regarding the significance of strength of the peptide-specific IgG response after 2nd cycle of vaccination, the patients with higher rate of changes of peptide-specific IgG titers after 2nd cycle of vaccination showed longer prognosis than those with lower rate (P = 0.03; Fig. 2b) .
Clinical response and biomarkers. Best clinical responses were evaluated according to Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 based on tumor assessments with computed tomography (CT) or magnetic resonance imaging (MRI) scans before and after PPV. There were no + lung cancer patient was treated with PPV mono-therapy, and he showed a long SD term of 26.7 months (Fig. 3 ).
There were no significant differences in MST between the 4 HLA-A11 + patients were divided into two groups according to whether their various cytokine levels increased or decreased after PPV, those with increased IL4 or IL6 levels, but not those with increases in any other cytokines tested, showed worse prognosis than those with decreased IL4 (P = 0.01; Fig. 4a ) or IL6 (P = 0.07, Fig. 4b ) levels, respectively. Since the number of HLA-A31 + /A31 + patients (n = 7) was so small, it was difficult to reach any definitive conclusions in regard to these biomarkers.
Discussion
Although large numbers of clinical trials of peptide-based cancer vaccine have been conducted in the past two decades, as far as we know, this is the first report of a clinical trial of peptide-based cancer vaccines for HLA-A11 + or -A31 + cancer patients. This delay could be primarily due to the lower allele frequency (around 5%) in European, Spanish and Black populations. However, the frequencies of both alleles are relatively high in the Asian population (10% to 20%). In addition, HLA-A11 or -A33 shares cross-reactive binding affinity and thus they are classified as members of the HLA-A3 supertype. Indeed, five of nine peptides used in PPV have confirmed binding to the HLA-A3 supertype allele, IgG responses and CTL responses. (10) (11) (12) In addition, remaining four peptides were tested for the capability of CTL responses. (13) (14) (15) (16) These results suggest that the shared peptides could be applicable for both HLA-A11 + and -A31 + patients. These several advantages allowed us to carry out a clinical trial of peptide-based cancer vaccines for 18 HLA-A11 + /A11 + or 13 -A31 + /A31 + cancer patients under the PPV over the past 7 years. Although we also performed the same PPV regimes for HLA-A11 or -A33 cancer patients who co-expressed the other HLA-A, including the -A2, -A24, or -A3 supertype alleles, or -A26, those results were not included in this retrospective study in order to avoid any bias in terms of the safety evaluation, immune responses, or clinical benefits, primarily because the nine peptides used in this study exhibit cross-reactivity to the other HLA-A molecules, including a member of the HLA-A3 supertype.
From the viewpoint of adverse events, grade 1 or 2 injection site reaction was the primary event, observed in 68% or 19% of the patients, respectively. Grade 3 or 4 SAEs were observed in 18 cases or in one case. However, in all these cases the SAEs were concluded to be not directly associated with the PPV, but rather with the disease progression or combined therapy. These results indicated that PPV was safely conducted in HLA-A11 + /A11 + and -A31 + /A31 + cancer patients, which is consistent with the results on PPV for the HLA-A24 + or -A2 + cancer patients reported previously. (3) (4) (5) (6) 9) Successful boosting of HLA-A11 or -A33 restricted peptidespecific CTL responses after the PPV was observed in only a portion of the patients tested. This may have been partly due to the deeply depressed anti-tumor cellular responses of these patients, since CTL responses to the vaccinated peptides in pre-vaccination PBMCs, but not CTL responses to non-vaccinated CEF peptides reactive to virus, were undetectable in these patients (i.e., they were detectable in only one of 12 HLA-A11 or zero of nine -A33 patients). In contrast, peptidespecific IgG responses were well observed in pre-vaccination samples in all patients tested. In addition, the successful boosting was observed in nearly half of all patients tested at the end of the first or second cycles, respectively. There were several possible explanations for this discrepancy between the rate of successful CTL and IgG boosting. + patients who finished 2nd cycle of PPV were divided into two subgroups according to the median value of the rate of changes of peptide-specific IgG titers between before and after 2nd cycle of vaccination, the patients with higher rate of changes of peptide-specific IgG titers after 2nd cycle of vaccination showed longer prognosis than those with lower rate (P = 0.03).
resistant to CTL-mediated tumor cell killing as compared to those with a heterogeneous allele, which might in turn be partly responsible for the decrease of memory/activated CTLs in circulation. Therefore, from a clinical point of view, if HLA-A11 or -A33 cancer patients co-expressed the HLA-A2 and -A24 allele, it might be appropriate to use both peptides matched to the HLA-A3 supertype and those matched to HLA-A2 or -A24. In fact, we have been doing this in PPV regimens for some time now, and have achieved high rates of successful boosting of peptide-specific CTL responses, as reported previously. (3) (4) (5) (6) 9) Alternatively, the numbers of pooled peptides may have been too small to correspond to antigenic heterogeneity of tumor cells and also the diverse immune responses among cancer patients.
Clinical benefit was not the main objective of this smallscale study for cancer patients with different histological types. + patients were divided into two groups according to the increase (n = 7) or decrease (n = 3) in each cytokine level from pre-vaccination to the end of the first cycle, the patients with increased IL4 or IL6 levels showed worse prognosis than those with decreased levels in IL4 (P = 0.01; Fig. 3a) or IL6, respectively (P = 0.07; Fig. 3b ).
with an MST of 177 days, respectively. Notably, a longer period of SD of 26.7 months was observed in one HLA-A33 + / A33 + lung cancer patient under PPV alone. Despite these limited data, we considered it worthwhile to analyze the ability of the various biomarkers to predict overall survival. The results indicated that an increase in IL4 or IL6 levels after PPV was an unfavorable biomarker in HLA-A11 + /A11 + cancer patients. This was expected, since we previously reported that an increase of inflammatory cytokines (IL6, IL8 and others) was an unfavorable biomarker in advanced cancer patients under PPV. Although we previously reported that an increase in peptide-specific immune responses, particularly IgG responses, was a favorable biomarker, (9, 17, 18) it was not achieved in this study primarily due to the fact that successful IgG boosting was obtained in the vast majority of patients (all seven HLA-A11 + /A11
+ and seven of nine -A33 + /A33 + patients) at the end of the second cycle. However, patients with more successful IgG boosting survived longer than those without it suggesting that peptide-specific IgG responses could also be a favorable biomarker for the overall survival of these patients. This issue, however, will be addressed in the next clinical study with a larger number of patients.
Collectively, the results in this study suggest that, PPVs with these nine CTL epitope peptides exhibit a good safety profile and positive immunological responses in HLA-A11 + or -A33 + cancer patients. Further clinical trials are warranted.
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